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Pharmaceutical composition. 

This Invention relates to a pharmaceutical compoalflon having a formulation and form euteblafor nasal 
admtnlstratten, end containing a «w hormone selected from 17/K>«tradlol, progesterone, and combinatfcna 
thoroof 

t70*oestratBol Is too most active natural human oestrogen. The oral admlntetratlon of 170-cestredloi is 
8 accompanied by a considerable conversion Into the leas active hormone estrone and subsequently Into 
ottter metabolites. This conversion takes place during the absorption from the Intestine and transport 
through the liver (Bret paae). This requlrea high dosages to achieve the affects desired as compared wtt 
parenteral administration. Progesterone, loo, which la the moat Important natural human progestogen, has a 
very BmKed activity after oral administration, by reason of the metabolism tn the gastrointestinal tree and 
io the flrsfrpass effect of the liver. s ^ t 

By reason of this limited oral effectiveness of the natural female sex hormones, synthetic derivatives 
have replaced the natural hormones tn virtually all cases. 

The synthetic derivatives, however, have an adverse stimulating afreet on the protein synthesis of the 
liver (poaslbty promoting thrombosis) and exhibit a diabetogenic effect In contrast to the natural sex 
rs hormones. 

For the above reasons, there Is an urgent need of suitable, non-oral compositions and dosage forms of 
the natural female sex hormones, 

Riflg et al, J. cnn^idocrlnolJVIatab. 48, 1877, pp. 128V1264, have Investigated the trrtreveglnal and 
intranasal ednlnlstration of 170-osstradtol In the form of a suspension In a physiological saline solution. 

20 Intranasal administration proved to be unsuitable. 

fn US patent 4,383,993, however, Intranasal administration is yet proposed lor both progesterone and 
i7j5-oeatradto» and esters thereof. It describes a composition for Intranasal administration, comprising a 
solution of the sax hormones frt an tectonic salne containing a surfactant such as TWaen 80, as a 
solubillzBr. TWb publication shows that the sex hormones m question can be absorbed nasally. In wWoh 

as connection It la doubtfess of Importance that the hormones are offered to the nasal mucosa m a dissolved 
form. On account of the apoler character of. the natural sax hormones, particular measures must be taken to 
reaflze the desired dissolved form, such as me use of Twaen 80 or other adjuvants as strfuWlzere. 

Adjuvants suitable for use as eotubiflzsrs, however, are often unsuitable for the nasal mucosa endfar 
have an Insufficient solubUKy Increasing effect In the fret case, achronfo therapy with such a composition 

30 Is undesirable, in the second case, the concentration of the natural hormone in the composition is too low, 
so that the dosage volume must become too high to bring about an effective therapy. 

It Is an object of the present Invention to provide a composition suitable for the nasal administration of 
I7^oestradrol, progesterone, or mixture* thereof, which ensures an effective absorption of the hormones, 
but avoids the above disadvantages of known compositions. 

as This object Is realized, In accordance with the present Invention, by providing a pharmaceutical 
composition of the above type which la characterized In that It also contains dlmethyl-^cyctodextrin. 

For that matter, cflmsthyl-^cydodextrin Is known per se from German patent application 3,1 18,218. In 
rt, ft is proposed for dlmethyK/^cyck>dexxr1n to be used for the preparation of aqueous solutions of poorly 
soluble, biologically active, organic compounds, such as various vitamins, steroids, prctanoWs, local 

mo anaesthetics, etc. The combination of such substances, which include, for example, progesterone, with 
drnethyh^cyclodaxtrln results In the formation of Intercalation complexes which are soluble In water. 
Generally speaking, that publication deeorfoea pharmaceutical compositions for oral or parenteral admin- 
istration. Concretely, however, the publication does show Infusion and injection solutions of various 
biologically active compounds, but pharmaceutical compositions wtth a formulation and form suitable for 

46 nasal administration are neither mentioned nor Srustrated, let atone such pharmaceutical compositions 
specifically containing a sex hormone selected from 170-oestracflol, progesterone, and combinations 

The Ideas laid down in the German patent application have not found practical application, as will 
become apparent from the following publications* which point In a different direction. 
oo In European patent application 0,149,197, attention is directed to major drawbacks reported to be 
Involved in the use of dfrnethyl^oyolodextrin. Specifically, the application refers In this connection to a 
hemolytic effect and an irritant affect on mucosa and eyes, a higher acute Intravenous toxicity than non- 
eubatituted ^-cyclodextrin, and practical problems In connection with stertflzattoru Indeed, the publication 
recommends using a partially etherifled ^cyclodextrin containing hydroxy alkyl groups. 

For that matter, the objections raised tn European patent application 0,140,107 against the use of 
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dmethyl-,H:yclodextrlna have not been noted v*h *«™ace«toel t^Sl^^S 
S3« &Manthi the concentrations to be used are eo tow that no trace of Irritation ct mucosals few*. 
SSS ^^^STcl the effect of compels «c*djg to ^T^ZSiSZ 
momMittf human nasal clHary epftbefium showed that, unOka Tween 80 oartaWng oo^oattone as 
S£ta ^^mSwTll^Tnot ^ ciliary me**™* andsra not * . a 
^T«irf««. » i« aunrlatao that the pharmaceutical eompostttons according to the Invention result In a 

admtnWrettoa In fart. US patent 
telSShaX^e Z^aWoyclodextrln In sex hormone compositions *r MM** 

S Tadnvnwmtton hava virtually noaBW : «. ^Tff .ll^iZ^tS £2 
cydodextrtn and hydroxypn^^HsyoloAndrin. That publication, too. therefore, teaches away from the use 

0< ^SS^t^ relates to ptormacouta- composition, tor - Jj 

natural fameta sex hormones 170-odStrsdloj and progesterone wBh an Increased absorption of the 
hormones referred to by combination with the adjuvant dimethyt-^cyotodextrin. Sxamptea of dosage torms 
of^oestradlol and/or progesterone suitable tor nasal administration are solutions, euapenafema. gels and 
olnteerTrS dosage forme containing the hormones referred to. either separably or In ^najon^n 
SuSTtor example, tn trading or preventing postmenopausal conditions, such as vasomotor symptoms 

^TrT^rt^oeeterona, as used herein, means pregtr+ena-S^dlone. end comprtsee both pro- 

sn aeatarone obtained from natural sources end synthetic progesterone, 

TOe^^^stradkjl as used herein means estraM *W0)Hriem>-3,l7*dlol, and Includes both 17*- 
ootrtradlol obtahisd from a natural source and that obtained synthetically. 

According to the present Invention, It was surprisingly found that 170-oeatradlol and progesterone, in 
combination with dtmethyt-zKydodexfrln, can be nasally admWstored with a biological availability substo> 

as tally ecjjal to that of Intravenous administration. _ , „ 

The following study was undertaken to study the btoJcgtosl availability of 17*oestradtol after nasal 
adnMstndon. at compared wtm Intravenous admlrtstreSon. Female rabbits (New 
avamsa weight of about 4 kg ware used. To suppress a sternutatory reflex during nasal administration, the 
rabbits were tightly sedated with 02 ml Hypnorm* (?.v.).The nasal administration (50 ul, unfiateraily, i cm 

» from the nostril) was effected by means of a small flexible polythene hoss fixed to a syringe. Lv. 
administration (100 Ul) was In the sural vans. Venous blood samples were lateen from the aural vena at 
regular intervals to 2 hours after administration. The two nassl formulations, the Lv. formulation and the 
control vehicle ware tested In 6 rabbits. The composfflon of the nasal formulations was as follows: s 0.2% 
171-oestradloI suspension In 8oL berweUtonU et hypromeflosi PNA and a M% iTfroestredbl aofutlon wWi 

ss 2% dJnxrthy^ycWesdrti In Sol. bemaHonll et hyprometoel FNA. The Lv, formulation wss a 0.1% 17* 
oestradlol solution with 1% dtonethyl-^oyctodextrln In physiological saline. The control vehlcto totaofto) 
was Sol. benzaikonll et hypromeltosl FNA. The 1 7/S-oestradlol eersl levels were analysed by an RJA method 
(pturmscfa}. The resulte are summarized In Table 1 and Flga, 2 and 3. 

Calculation % AUC.^S^* "OX « - formul.1-4 

AUCfiv.KJ Fiv- intravenous 

m Fc - placebo 

. , * v M* IU*i mmi *ef*i x 100% KJ - rabbit 1-5 
Calculation % Ft ■ 

AUCnv.Kr AU °Fc f KJ 

Thto rtudy show that after nasal admlnietratlon, 17/J-oartrac8d la rapidly and substantially completely 
taken up Infra systemic circulation without Intestinal or Rrst-paee metabotan. 

The following atudy waa done to dotermtoo the bloavaJlattBty of progesterone after nasal administrate, 
rotative to Wmvoncua admlntetiatloa Male Wtetar rata. wolgHng 178-228 gram, warn anawrthetteed vrtih 
Hvonorm* «X1 mlflOO o) Intramuacularty. to order to facilitate nasal adrrdrUstratton and to prevent peroral 
ebrarptloa the traohea wea cammed and the oeaophegue was tied to thia cartula. Arfmala wem kept lying 
on the* back on thermoatatsd ruga (37 'C) during the experiment Nasal tormutattona were Instilled 
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unilaterally through the naras using PVC-WWog affixed to a mlordHer syringe. The competition of the nasal 
formulations was as follow* a 1% progesterone suspension m Sol. benaalkOflB FNA and 1% progesterone 
Son wfth *8% dJmethy^-cydodexfrln h Sol. benzalkonfl FNA. The Intravenous formulation via a 
femoral vein (20 lit corresponding to 200 up progesterone) had the same oompo^n w the nasal 
p^eeteroreA^yt-^cydod^ solution. The control <P^>J** ^l^^^f ™ EE 
temples were token from a canuiated femoral artery at regular time irrtervato. ^eatorone a«um levels 
were measured using a Coat a count 0 radioimmunoassay kit farm DPC (Laboratortum ™ 
Netherlands), tn this mt model nasal edmlnbrtretkm of the described progeetoron^^ 
solution (20 ul corresponding to 200 ug progesterone) showed an absolute bloavsnsUBty of 58.3% 1 16.7% 
(n-5) relative to the Intravenous Injection, whereas the progesterone suspension (20 ul corresponding to 
200 progsstemne) showed an absolute l^avallabllity of only 18.5% * 134% (n-4>. Nasal administration of 
the progesteronerairieli^^ solution gives a elgnlftoantfy higher progesterone absorption than 

me oroaestarone suspension ftKO.06). 

A nasal formulation of 0.2% 17*-oestradtol In solution with 2% dimetftyl-^yctodestrln was given to 
women (n»6> wfth estrogen deftelancy due to bilateral ovariectomy. The formulation was administered as a 
nasal spray In a dally dose of 0.68 mg 17^-oeatradlol, divided In 2 nasal gifts. Serum 17^-oestradIol levete 
10 mh after nasal administration of 0,34 mg I7*6eetradtol with this formulation were In the order of 3 
nmoM. This demonstrates a rapid and good abeorption of 17*oeetraoT6l from the described formulation. 
CSnlcal results were also encouraging. The patients decided to continue with the nasal formulation Instead 
20 of oral estrogen substitution. . _ 

The composition tor nasal administration according to the present Invention may be of sow, semisolid 
or nquW form. Preferably, It Is an aqueous solution. In the case of a U*jid form, the concentration of 170- 
oestracdd preferably ranges between 0.01% and 5% wfc and most preferably between 0.1% and 0.5% 
The concentration of progesterone preferably ranges from 0.05% to 8% w/v, and moat preferably from 
29 0.1% to 1% w/v. The concentration of dlmethyHH^olodsxtrln preferably ranges from 0.1% to 20% w/v and 
most preferably from 1% to 10% wfc. _ ^ 

The molar raflo of sex hormone to dlmetp^jS^yclodextrln preferably ranges from 1* to 41. and most 

preferably from 12 to 2D. ^ 

The pH of the composition can be adjusted by adding an add, base or buffer solution during 

oo preparation. The pH preferably ranges from 6 to a 

Preservative* such as benzaltonlum chloride, can be added to the composition. Swelling agents, such 
as cellulose derivatives, can be Incorporated In the composftfon to form nasal gels. 
The solution oan be.eutoclaved or sterilized by means of 0.2 um membrane filtration. 
The nasal compositions accenting to toe Invention have the following advantages: 
ss 1. The natural female sex hormones are rapidly and virtually completely absorbed Into the systemic 

circulation through the nasal mucosa, without Intestinal metabolism or liver first-pass effect 

2. The admWstratton of the compositions Is htfily paflenMrtsndly, which Is especially Important to 
long^bsrro therapy. 

3. Otaiethyhteyctodextrln Is tasteless, odourless, low-todc and little Irritating to ths nasal mucous 
40 membrane to the concentrations used to the composition, and accordingly la safe In fans-term use. 

4. The composition has no significant effect on dflary movement In vitro, which le Important, because 
an Inhibition of dflary movement effects the nasal defence mechanism. 

The compositions according to the present Invention can be prepared by dissolving 170-oestradlol 
and/or progesterone together with dlrnethyl-^^odextrln In 06% alcohol, followed by evaporation at 40°C 
46 under an N? stream. The dry residue can be ctiesotved in an aqueous medium, such as Sol. BenzalkonU 
FNA, whereafter, tor example, sodium chtorida can be added to achieve lactam/. 

Bcampfea of typical compositions tor the nasal admlnistratton of female sex hormone* according to the 
present Invention: 

1. lOO.mg 170-oestradtol was combined with 0£8g <8meirr^-^oydodextrln end 04S g soaTum 
50 chtorida The total volume was made up to 60 ml wHh Solutfo benzaflconU FNA (containing 0.01% 

banzaflconlum chloride and 0.1% sodium edetste) 

2. 250 mg progesterone was combined wfth 2.12 g dmetoyW-cydode*rln and 0.45 g socflum 
chloride. The total volume was made up to SO ml with Solutlo benzatonl FNA (containing 0.01% 
benzaStonlum chloride and 0.1% socflum edetaie}. 

as 3. 10O mg 170-eestradtol and 250 mg progesterone were combined wfth 3.10 g dlmethyl-j5- 
cyctodoxtrln and 045 g sodium chloride. The total volume was made up to 50 ml wtfh Solutlo benaalkonQ 
FNA (containing 0.01% beraaltonlum chloride and 0.1% sodium edetate) 

4. 100 mg 170-oestradloi was combined wHh 0-08 g olrnethyttf^lodextrfn and 0.45 g socflum 
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chloride. The total volume was mada up to 60 m! with SoMto benzalkonB et hypromelJosI FNA (containing 
0.01% benzeJtonlum chloride and 0.1% aodlum edetete and 1% mattiythydroxypropyl cetiutose 4000 

m ^sirftebte doaa oftha above compositions can be Q.08 ml to 0,2 ml for a single dose and 0-05 ml to 0.8 

ml f ^compwrttona according to tha Invention era not limited to the above examples. TTie aoope of the 
Invention la only determined by the claims. 
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Mttrol (placebo), natal, • 170-ceetradId, nasal, aa a 
ton with dmethyl-/*cyclod*xtr1n (2%), a 170-oestradtal, 
d l aaaauapanelon> + 17b-oaatratiaL bitmvanoua, aa a 
Bon wKh dmethyl-^cyctocteKtrtn (1%). 



^ Description of the drawings 

Pig. i shows the effect of 170-oeetradioJ compositions on the nasal cfflary frequency [n vitro, a 170- 
oestradlol (0,01%) In potysorbate 80 (2%) according to U8 patent 4,363.693, O 170-oeatradBll>.l%) In 
dimathyt-/3<yckKtextrin (1%), • Locke Ringer (controO, oillary tissue washed In Locte Rbigar. 

Fig. 2 shows the average serum conceniration-tlrne curves of I7*oeetradtol In rabbfta (n«5) after 
90 nasal and l.v. administration. O control feCacebo), nasal, • 100 ng 170-cestradloL nasal, aa a solution with 
o1me1rry|.^<yck)dextrh (2%), a 100 fig 17/HjestredW nasal, as a suspension. + 100 Ufl 17^-oestredtol, 
Intravenous, as a solution vrfth dmettiyK/^oyctedextrin (1%). 

Rg. 3 shows the surfaces (AUCs) under the serum wrcottra«on-tlme curves after nasal and U 
administration of 170-oestredtol. Loft sxlsi absolute (ng*mfn/ml). Wight axta relative to Lv. (*100%). O 
39 control (placebo), nasal, • 17/l-oeatradkil, nasal, aa a solution with dlmethyh^-cyclodextrln (2%), ▲ 17£- 
oeatradld, nasal, as a suspension, + 170-oeetracflol, Intravenous, as a solution with dlmethyr-^ctodextrln 
(1%X 



40 Claims 

1. A pharmaceutical composition having a formulation and form suitable tor nasal admlnWration. and 
containing a sex hormone selected from 17jJ-o estradiol, progesterone, and combinations thereof, character- 
ized In that it also contains dmethyt-s-cycfedsoam 
46 2. A pharmaceutical composition as d aimed In claim 1, characterized by containing 0-25-6 moles of 
i£methyl^<yciodaadrln per mole of sex hormone. 

3. A pharmaceutical composition aa claimed In daJm 1, characterized by containing 03*2 moles of 
dlmethyl-j3-cyctodextrln per mole of sex hormone* 

4. A pharmaceutical composition as claimed In any of the pracedfng claims, characterized by further 
60 containing a preservative, such a* benzaftonlum chloride, an Isotontelty agent; such aa sodium chloride, a 

compfexlng agent such aa sodium edstate. andtor a sweWng agent, such as msihylhydroxypropyt cellulose. 

6. A pharmaceutical composition as claimed tn any of the preceding claims, characterized in that ft has 
the farm of an aqueous solution containing 0.01-6% (w/v), preferably ai-OS% (w/v) I7*oeatredlol and/or 
OUM% (w/v), preferably 0.1-1% (w/v) progesterone, In combination wKh 0.1-20% (w/v), preferably 1-10% 
66 (w/v) drwthyl-^yclodextrtn. 
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